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Cet article présente une étude d’une approche intégrée des flux et des charges en déchets et en 
alluvions d’une retenue urbaine à Ekurhuleni en Afrique du sud. Une méthodologie alternative de 
prévision des pertes de sol a été appliquée au Lac de Boksburg. L’objectif de l’étude est d’appliquer 
les méthodologies d’estimation des charges en déchets et en alluvions, d’examiner l’adaptabilité du 
modèle à différents bassins versants, vérifier la sensibilité par rapport à des évolutions de l’occupation 
des sols et de vérifier leur sensibilité dans la prévision des charges. Dans cet article, nous capitalisons 
sur les études présentées dans les articles précédents du même auteur pour les diverses 
composantes et leur application à la retenue en question. Nous discuterons également des extensions 
complémentaires du modèle pour prévoir des concentrations en phosphore à l’entrée de la retenue. 
En conclusion, nous présentons l’état actuel du projet et les défis rencontrés dans les processus 
d’approvisionnement et de construction qui doivent commencer en 2013.  
 
ABSTRACT 
This paper will report on a study using an integrated approach utilized to model flows, litter -, and silt 
loadings for and urban impoundment in Ekurhuleni, South Africa. An alternative soil loss prediction 
methodology was applied to the catchment of Boksburg Lake. The aim of this study was to apply both 
the litter and silt loading estimation methodologies, investigate the scalability of the model to varying 
catchment and land-use changes, and verification of the sensitivity thereof on loading prediction. The 
paper will build on studies presented in previous papers, by the same author, for the respective 
components and the application thereof on the specific impoundment. Additionally the study will 
discuss further extensions to the model to predict phosphorus concentrations entering the 
impoundment. In conclusion, the paper will report on the current status of the project and challenges 
encountered in preparation for the procurement and construction processes scheduled to commence 
in 2013.  
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1 INTRODUCTION 
Impoundments in urban areas of South Africa, either natural or artificial, are popular recreational 
attractions that add to the quality of life, increases property value and are increasingly built as focal 
points for commercial developments. More regularly such impoundments acts as receptacles for 
polluted runoff, resulting in water quality problems and ultimately reduces the aesthetic value and 
undermines their recreational value and function as originally envisaged (Freeman et al, 2000). 
Boksburg Lake, east of Johannesburg is just one such public amenity faced with excessive silt and 
litter loads. The South African Department of Environmental Affairs and Tourism estimate that as 
much as 13-60 tons per hectare per year (DEAT, 2000) of soil is lost due to erosion. This is on 
average 1.7mm of topsoil loss per square meter of land. 
Increased urbanization in the past 15 years in the upstream reaches of the study area resulted in a 
dramatic increase in silt and litter loads in the impoundment. The effects of silt settlement on the 
ecosystem of the impoundment have been a debated issue due to the scarcity of information relating 
to the sources, types and typical loads of the pollutants. Following an outcry by local residents, 
concerned with the poor safety, aesthetic decay and unattractiveness of the amenity (IWA Annual 
Report, 2008), a study was launched to quantify the pollutant loadings of the impoundment. A number 
of other scientific studies have also been carried out, funded by various private and governmental 
organizations, most notably the Boksburg Lake and Wetland Project funded by Unilever and managed 
by the Institute of Water Research at Rhodes University. These studies focused on heavy metal 
pollutants with limited mention of visible pollutants and suspended soil matter. 
In 2008, the Ekurhuleni Metropolitan Municipality’s Southern Service delivery region embarked on a 
study for the design and construction of silt and litter traps to alleviate this problem. The process of 
deposition of silt and sediment loadings in natural watercourses and storm water systems requires 
exceptional skill and planning to minimize its economic effects. Aurecon South Africa was appointed. 
As part of the background studies, a new soil loss model was introduced for silt estimation as the 
majority of methods currently in use are not suited for urban environments and their application to 
urban areas readily result in an over estimation. The soil loss model only focused on sill and rill 
erosion and soil loss due to wind and dust was not considered. A Litter load model was integrated with 
the hydrological and soil loss model as based on previous studies. This paper builds on these previous 
studies and expands on previous projects by others. 
 
Figure 1. Locality of Boksburg Lake 
1.1 Problem Statement  
The brief listed three main problems to investigated and solved: 
 Flooding of Trichardt street railway underpass 
 Silt loading reduction of the Boksburg Lake 
 Litter reduction entering the Boksburg lake 
NOVATECH 2013 
3 
2 MODELLING METHODOLOGY 
2.1 The project areas 
Boksburg Lake is situated in the Eastern Service delivery region of the Ekurhuleni Metropolitan, South 
Africa and has a land-use comprised of medium and high density residential (44%), commercial 
(15%), industrial (35%), public open spaces (5%), mining (1%) and commuter collection facilities. The 
impoundment has a catchment area of 2,454 hectares with weighted percentage imperviousness of 
38% due to light industrial and commercial developments within the catchment. This is estimated to 
increase to 41% within the next 5 years when based on future development plans. A hydrological 
model was compiled using PCSWMM for the contributing catchments and compared to a previous 
model compiled in Hydrosim, al locally developed simulation tool. Runoff is conveyed in a separated 
system consisting of pipes, open lined channels and culverts. The impoundment is situated in the 
Boksburg central business district and directly downstream from a defunct mine waste dump. Runoff 
to the impoundment is “throttled” at an undersized culvert underneath a railway embankment. This 
results in extensive backwater and flooding of the Trichardt Street underpass which runs parallel to the 
stormwater channel and at a level only 1.5 m above the invert of the culvert. This results in an 
estimated 2 m deep flooding of the underpass. This gave rise to an extension in the scope to 
investigate solutions to minimize flooding of the underpass. 
The impoundment has a maximum width and length of 314 m and 893 m, respectively. It has a mean 
depth 1.4 m and is 4.04 m at its deepest point. The physical attributes was quantified using a 20 m x 
20 m grid survey using traditional survey methods, GPS and GIS software. Initial study measurements 
were made using a 75 m x 75 m grid and the sediment load estimated at 165,000 m
3
. Sub-surface 
profiling and bathymetry was used to calculate the sediment thickness and lake floor profile in more 
detail in late 2010. The sediment layer was found to be relatively thin, varying in thickness between 0 
to 1.7 m (average of 0.65 meters) yielding an estimated sediment volume of 155,484 m
3
. The lake has 
a volume of 444 280 m
3
 (at full supply level of 1,607.14 mean sea level with a 1 m freeboard). It has a 
remaining storage volume of 288,796 m
3
. Lacustrine sediment samples were taken using an array of 
instruments. (Environmental Assessment Report, 2009). Results showed extremely high 
concentrations of heavy metals and organic pollution in the sediment but especially Ammonia-N (21 
mg/l). Boksburg Lake has a very high turbidity level which averages 32.8 NTU. This is three times the 
maximum requirement from the South African Department of Water Affairs. This indicates that has a 
high associated risk of disease due to infectious disease agents and chemical absorbed onto 
particulate matter.  
2.2 Hydrological model 
A hydrological model forms the basis to the project as the litter, and silt models are based upon the 
sub-catchment delineation. Two models were compiled and compared as presented further in the 
paper. 
 
Figure 2 and 3. Underpass flooding (Courtesy ER24). Rail culvert (notice litter) 
The area fall within the summer rainfall region of Southern Africa with an average annual rainfall of 
675 mm as obtained from the South African Weather Bureau station number 476433 BOKSBURG 
(MUNICIPAL). Daily rainfall information was obtained for the period 1886-2005 (Kempton Park 
airfield). As mentioned, two hydrological simulation models were compiled and compared although the 
second was done after most of the designs were in an advanced stage. It was done to compare 
results. The results are presented in the following table. 
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Both the litter trap and the silt traps are designed to accommodate 1:1 – 1:2 year storms whilst the aim 
of the attenuation structure was to retain the 1: 50 year event. A flood line study was conducted to 
evaluate the extent of the flooding at the Trichardt underpass (figure 4, below). The model was 
compiled in Hec-Ras. 
 
Figure 4. Flood line of project area and Trichadts Street underpass  
 
2.3 Integrated litter load modeling 
A litter model was compiled for the catchment area. Studies in Australia indicate that litter will be 
washed of when cumulative precipitation rates is greater or equal to 3.7 mm or 0.7 mm runoff 
depth(Walker et al, 1999). This amounts to approximately 70 storms per annum for the Boksburg area. 
To ensure integration with the hydrological model, the same sub-catchments were used in the 
determination of the litter loads. The areas were subdivided into the various land-use types. Areas 
where change in catchment characteristics can be expected were identified and a change probability 
factor (CPF) allocated for later scenario analysis.  Allowance is also made through the use of an 
adjustment factor to accommodate the differences that exist between high density developments in 
high income areas and that of high and medium density developments of lower income areas. The 
latter yielding higher litter loads due to unprecedented population growth and the fact that current 
Method 
 Peak Flow Rates (m
3
/s) 
1:1 1:2 1:20 1:50 
PCSWMM 33.4 61.31 128.2 157.89 
Kinematic 37.5 56.67 128.37 160.44 




strategies only cater for typical land-use types. With the decentralization of residential areas, lower 
income groups tend to occupy apartment buildings formally occupied by middle to high income groups. 
Litter indices, derived and adapted from previous studies were applied to the catchments. Two specific 
studies, studies conducted for the Water Research Commission of South Africa (WRC) in Cape Town 
and Springs Municipality, respectively. The indices were applied to the land-use distribution profile of 
each sub-catchment. These loadings and composition will differ for each catchment area as the social 
behaviour of the people differs geographically. 
A total of 319 tons of litter can be expected to accumulate or be transported through the Boksburg 
Lake per annum. A similar study conducted for Springs Municipality in 1996 concluded that the density 
of litter is 95 kg/m
3
. A total volume of 3358 m
3
 of litter must be removed. Various measures were 
investigated to reduce litter loads which included additional bin removal, increased street sweeping, 
and grids in front of kerb inlets. This was done through a customized management model. The 
preferred solution was a centralized off-line litter trap on the main channel 500 m upstream from the 
rail culvert (see figure 3).The litter trap is designed to have a maximum available storage of 125 m
3
 of 
litter at any time (11,875 kg). The maximum allowed storage must be restricted to less than 100 m
3
 at 
any time to conform to the Waste Management Act. It is therefore a requirement that the structure be 
cleaned on a regular basis. A bi-weekly cleaning is proposed. The structure has been designed with a 
blockage factor of 0.7 of the available grating space. Table 4 below summarizes the results from the 
analysis. 
Table 2. Litter load distribution per land-use type 
Area Load Percentage
(ha) (kg/ha/yr)
Low Density Residential 81.81 818 0.26
Medium Density Residential 779.57 11694 3.67
High Density Residential 62.05 9307 2.92
Manufacturing 181.46 13609 4.27
Industrial/mining 901.73 45087 14.13
Commercial 84.51 169028 52.99
Offices/CBD 212.95 10647 3.34
Halls/social facilities 2.35 705 0.22
Taxi ranks/inf markets 9.41 56438 17.69
Low density Schools 4.78 48 0.01
Medical/paramedic 7.33 366 0.11
Open spaces 124.81 1248 0.39
Totals 2452.75 318996 100




2.4 Soil loss modeling 
Soil erosion reduces the soil’s water retention capabilities (Foster G. R, 1998), increases compaction 
and decreases conveyance with an increased inundation probability (EPA, 2004). It also has a 
detrimental effect on environmental aesthetics and water quality (Moojong et al, 2008). In South Africa 
it is required of the civil engineer to make estimations of silt loadings by means of sparse or non-
existing data (Annandale et el, 1988). Various methods, ranging from empirical (USLE, RUSLE), semi-
empirical (MUSLE, MMF) and Physical Process Based Models are in use but are not suited for urban 
condition. The various sources and characteristics of sediments occurring in urban overland surfaces 
make the development of an efficient methodology very difficult (Moojong et al, 2008). Moojong et al, 
2008, based on a study into various methods uses the model suggested by the USEPA for the 
estimation of sediment yields from urban catchments. This model is based on the Revised Universal 
Soil Loss Equation but subtracts paved areas (land use parcels and right-of-ways) from the model 
results. A similar approach was followed for this investigation but considering only the actual 
contributing portion of the land-use compared to that of Moojong. Additionally the life cycle contribution 
of the varying land-uses for each upstream catchment was considered as investigated by Gilau in 
(2010). The Revised USLE method was modified to incorporate urban factors. 
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Figure 5 and 6. Locality of Boksburg Lake 






    
NN = Slope steepness factor 
 
And for this study the following was added: 
 
 
    
Where:  ASL   = total contributing area to soil loss within catchment 
  AH    = Hydrological contributing area (area contributing to transport of soil) 
  Imp  = Percentage impervious area. 
  P%  = Percentage of contributing area (based on land-use characteristics) 
  CLC  = Area life cycle contribution percentage 
 
The influence of urban renewal, degradation, age of the development and demographic factors are 
considered for the estimation of silt loads for the study area through the application of a series of life 
cycle curves over a 50 year period. This is applied for each land-use type as specified in the integrated 
soil and litter model. The method allows the engineer to estimate the soil loss contribution from any 
area over the area life cycle.    
Two values differentiate the methodology from other methods; the contribution percentage and life 
cycle contribution values, respectively. The prediction of contribution percentages for areas 
contributing to the cumulative soil loss is derived from aerial photography and digital terrain models 
(ArcView was used as GIS tool). Initial indications were that larger sub-catchments may result in an 
overestimation of soil loss due to the under estimation of permeable areas due to scalability errors 
when compiling the model. Specific attention was drawn to the sensitivity of the contribution 
percentages. In order to investigate the influence of this variable six soil loss models were compiled 
with catchment sizes of 4, 2, 1, 0.5, 0.25, and 0.1 km
2
, respectively. A bottom-up approach was 
followed and smaller catchments were grouped to form the higher level catchment boundary and a 
comparison node. New contribution percentages were derived for each catchment in each subsequent 
level. This was to investigate the level error occurring in scaling the project and the influence it has on 
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the overall soil loss contribution. A single life cycle event was applied for each model. The models 
were simulated and the results at comparison nodes compared.  
Initial estimates indicated the remaining life of the impoundment to be 8.9 years before being 
completely silted close. This was revised with the latest survey information and found to be 10.1 years. 
The initial silt volume was calculated to be 165,000 m
3 
using a measuring staff on a 75 m x 75 m grid. 
The sub-surface profiling and shallow sonic radar measurements confirmed the actual volume to be 
155,484 m
3
. This is a difference of 6.12%. The model was recalibrated for comparison of the results. 
2.5 Flood Relief  
Various alternatives were considered to minimize flooding of the Trichardt Street underpass, a major 
access route to the Boksburg Central Business district. These included: 
 Realignment of both rail and road 
 Lowering of the lake outlet by more than 1 m, 
 Adding additional culvert at the railway crossing 
 Alternative drainage system draining the underpass only 
 Attenuate upstream waters by means of attenuation dam/s 
A cost benefit analysis was done for each. Lowering the lake would have had both an environmental 
impact as well as aesthetic impact as to many infrastructure was built around the current water level. 
An alternative drainage system would have required culverts to drain underneath buildings with micro 
tunneling; it would have been too expensive. Adding additional culverts would have required the 
lowering of the lake water level for construction and the demolition of infrastructure. Although this was 
indicated as a viable alternative the client favored the construction of an attenuation structure. 
Spatial placement and sizing of the attenuation structure was done. The most ideal position was close 
to Boksburg Lake and upstream from Trichardt Street. This allowed for maximum retention of the 
upstream catchment. The site is undermined but records indicated that it was at depths greater than 
80 m. A defunct open ventilation shaft is visible on site but fortunately beyond the 1: 100 Y flood line 
level. The Modified pulse method (also known as Storage-indication method) for level pool routing was 
used to analyses various configurations of stage-storages and stage discharges to derive the most 
suited relationship. The level of attenuation was limited by an upstream bridge, also a primary access 
route. The existing storage volume was used with a controlled attenuated outflow of 15 m
3
/s; the 
capacity of the railway culvert at 100 mm above the road level. This is less than the 1: 2 year peak and 
additional storage volume was required through the modification of the basin by excavating and 
removal of a 2 to 3 m deep layer of material. The storage volume was increased to 320 000 m
3
. The 
attenuation structure can thus accommodate a 1:15 year storm event without overtopping. 
 
3 MODEL IMPLEMENTATION 
Figure 7, below, illustrate the infrastructure designed for implementation in 2013.  
Two silt dams have been designed upstream from the attenuation dam “feeding” the litter trap. Each 
component is briefly described in the following section. In the above the attenuation dam has since 
been moved to discharge directly into the litter trap as opposed to the above with the litter trap situated 
in the dam. This change was brought about to make the system more efficient (see figure 8, below). 
3.1 Silt Traps 
Various methods were considered for trapping as much as possible of the incoming silt/sediment. The 
recommended structures comprise of gabion retaining walls, 1-2 m in height over the width of the 
basin with the top of the structures at invert 1612 m. It is required that silt traps be constructed 
upstream of the litter trap and attenuation dam to intercept sediment before entering the litter trap. 
These structures will also have an attenuation effect, contributing to controlling the flow. The flow 
associated with the 1:20 year rainstorm on the catchment area of the dams is calculated to be 
128 m
3
/s. This volume of water cannot be treated during such storms. Storms with higher occurrence 
were therefore analyzed. 
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Figure 7. Extract of Drawing of attenuation process integrated with litter and silt removal infrastructure 
This is to intercept as much sediment as possible.  Based on our experience, the first few millimeters 
of rain, assumed to be 9mm-15mm, tend to wash away the majority of the silt on the terraces.  We 
have thus assumed a daily design flow of 0.5 m
3
/s for silt removal. This is based on a storm with an 
approximate recurrence of 30 days. No sampling information was available for the determination of 
particle settling velocities. The following was assumed; 60 % of the particles by mass to be finer than 
0.05 mm and 40% of the particles by mass is finer than 0.02 mm yielding a nominal particle size of 
0.035 mm. No sieve analysis is available to determine the percentage of particles by mass passing 
through sieves as small as 0.075 mm.  Also, no hydrometer analysis was available to measure the 
finer particles (clay particles if applicable).  It is therefore assumed that the particles have an average 
specific gravity of s = 2.   
A trapping efficiency of 75% was used.  As previously mentioned the design flow into the silt dams 
were estimated on daily flows of 0.5 m
3
/s.  The minimum water depth in the new silt dam was taken on 
average to be 1.0 m.  By selected a dam width of 75 m (total overflow width), the mean horizontal 
velocity of the incoming particles is reduced to 0.015 m/s. Solving for l in Vetter’s trapping efficiency 
equation then yields l = 32 m. The silt traps will have a floor width >35 m.  The average suspended 
solids load is assumed to be is 60 mg/ℓ.  Thus, based on an estimated average inflow of 0.5 m
3
/s, the 
average solids loading is approximately 2600 kg/d.  The silt traps are designed to remove 75% of the 
suspended solids from the 0.5 m
3
/s flow.  This is 1944 kg/d.  
3.2 Litter trap 
The litter trap forms part of the attenuation dam spillway structure. The structure has been designed 
for an estimated daily discharge of 1 m
3
/s to 3 m
3
/s. Studies in Australia indicate that litter will be 
washed of when cumulative precipitation rates is greater or equal to 3.7 mm or 0.7 mm runoff 
depth(Walker et al, 1999). Most litter will therefore be washed of during first flush conditions (high flow 
of 3 m
3
/s) and on a daily basis at a lower flow rate (low flow of 1 m
3








will be trapped in the silt traps. The litter trap is composed of a diversion channel discharging into the 
trap. Litter is hydraulically spread over a series of horizontal grids (10 m by 10 m). Vertical grids have 
been allowed for in the retaining walls to accommodate excessive loads and blockages. The system is 
designed to accommodate discharge rate of as high as 5 m
3
/s with 70% blocked. An access ramp is 
incorporated at a slope of 1V: 10H for maintenance and cleaning.  No model study was done and only 
constant monitoring will determine if the system performs as expected.  
3.3 Attenuation dam 
The attenuation dam embankment will be constructed of homogenous earth fill (PI>12). The spillway 
and primary outlet is comprised of a 35 m (spillway only 25 m) concrete wall with a series of 
rectangular openings for flow conditions greater than 3 m
3
/s and a 3 m by 0.5 m opening discharging 
directly into the litter trap. A dividing wall separates the litter containing low flows from flows greater 
than 3 m
3
/s.  Figure 9 below illustrate the spillway layout.   
 
Figure 8. Extract of Drawing of attenuation process integrated with litter and silt removal 
It is expected that the project will be implemented in a phased approach due to financial constraints. 
For this reason the entire design is modular with incorporate additions with relatively minor 
disturbances as the project progress. The total construction cost is estimated at €  4.8 million. 
 
4 CONCLUSION 
This paper illustrated how various techniques and new methods can be used to solve existing 
problems. Compared to international studies, only concentrating on single aspects of the problem at 
once, this was an enormous undertaking spanning several years and spanning the entire project 
phase. Through the application, three structures have been designed and integrated to solve the 
occurrence of constant flooding, litter and high silt loadings into the Boksburg Lake. 
 
5 FURTHER STUDIES 
As two of the components, the silt traps and the litter trap, were designed using data from previous 
studies, it would be a requirement of the council to monitor and measure the performance of both 
structures. It would also be advisable to do another under water survey in five years from the date of 
completion to monitor the performance of the silt trap en reduction measures. 
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